A bstract. After proper fixation with glutaraldehyde, spinach thylakoids retain both photosystem I and photosystem II activity. The photochemical activity of fixed thylakoids is highly resistant to 1 % triton. This indicates that fixed thylakoids may be useful starting material for isolation of functional components which can be related to the original structure of the membrane.
Previous experiments showed that chloroplasts isolated from glutaraldehyde fixed spinach leaves re,tained photosystem II activity (6) . However thylakoids fixed after isolation were totally inactive. In this paper we report a new method for fixing isolated spinach thylakoids which preserves activities of both photosystems I and II. After an initial loss of Hill reaction activity due to fixation, fixed thvlakoids are quite resistant to damage by detergents such as triton. We anticipate that the isolated fixed thylakoids will be valuable starting material both for lipid extraction and reconistitution experiments, and for separating the thylakoid into subunits which can be referred to the intact structure.
Materials and Methods
Isolation of Thylakoids. Leaves of Spinacia oleracea L., obtained from 'the local market, were sliced and then homogenized in a cooled Waring Blendo-r for 60 sec in 0.05 M tricine 'buffer (pH 7.4) containing 0.5 M sucrose. The slurry was poured through 8 layers of cheesecloth and centrifuged for 5 min at 160g at 3°. The The chlorophyll content per ml was 4 jig for unfixed or 8 ,ug for fixed thylakoids. The total reaction mixture volume varied from 2.5 to 10 ml at ipH 7.4.
The reaction mixture for photosystem I was modified from that of Kok (4) (Fig. 3) . The inlitial rate of photosystem 1 activity as reported in Fig. 2 starting material for 'separation of the thylakoid into its functional components. Crosslinking of the proteins by glutaraldehyde would yield fragments which retain the original protein associations and can be related to structures found in the startinig material. We started such experiments by investigating the effect of the detergent triton on GA-fixed spinach thylakoids (Fig. 3) . We treated unfixed and GAfixed thylakoids with a 1 % )(v/v) triton solution and studied its effect on the photosystem II activity. After investigating the photosystem II rates as a function of actinic light intensity for 10 jg chlorophyll per ml (exception see below), we made reciprocal plots shown in Fig. 3 . Maximum photosystem II rates are calculated from the intercept on the vertical axis. The increasing slope of the curves in detergent treated material is most easily explained by uncoupling of chlorophyll from the photosvstem II reaction sites. Though this chlorophyll is still present in the reaction mixture, light absorbed by it is ineffective in driving the Hill reaction.
Curve C, the photosystem II activity of unfixed thylakoids has a very low intercept (less than 0.3 or a change in OD per min of about 3), which corresponds to a rate of greater than 1(X0 JLmoles DCPIP reduced per hr per mg chlorophyll when corrected for the assay wavelength of 580 nm. This rate is approached at relatively low light intensity.
Unfixed thylakoids treated with triton for 3 hr at 0°show the opposite extreme. The slope of this curve, C+T, indicates that compared with the un- treated thylakoids a very high amount of light energy is necessary to approach the maximum rate in triton treated material. The intercept with the vertical axis yields a maximum rate only about 2 % that of untreated thylakoids. High initensity ratels were very erratic with this ma,terial since it was ra,pidly destroyed under high intensity conditions. V'ery differenlt from these 2 extremes are the data from GA-fixed thylakoids. The intercept value for the fixed thvlakoids, FC, is about 5. This maximum rate, though much lower than that of unfixed material, is not changed significantly by 1 % triton treatment, FC + T. Cen1trifugation of fixed, triton treated material at 36,000g for 20 min left 24 % of the chlo,rophyll ih the stipernatant. Since the calculations for the other samples were based on the amount of chlorophyll as an indication of the number of reaction slites, the calculations for the GA-fixed, triton extracted sample had to be corrected for chlorophyll loss. The results for this extracted sample are based on 7.6 jug chlorophyll/ml rather than 10 ,ug chlorophyll per ml. In this extracted sample, P (FC+T), part of the antenna chlorophyll was diss,olved, but the number of reaction !sites in comparison to the other samples retained the same. This loss of antenna chlorophyll leads to higher amounts of energy necessary for reaching the maximum rate, but the rate itself, even after the detergent treatment, is the same as for the 2 other GA-fixed samples, FC and FC 4-T. The rate of the washed and resuspended sample is less than that of the sample in triton at low light intensities. This suggests that still more chlorophyll has become uncoupled from the photosystem II siltes 'by washing.
These results indicate that the cross linking of the proteins by glutaraldehyde fixation makes the protein structure of the thyl'akoids largely resistant to the destructive effects of triton while still allowing appreciable solubilization of 'the thylakoid lipids. The fixed material after triton extraction is much less rapidly destroyed by high intensity light than its unfixed counterpart.
We anticipate that further fractionation of the glutaraldehyde fixed thylakoids may provide active particle preparations which can be readily related to the particle structure of intact thylakoids.
